Introduction
Introduction
The global maternal mortality ratios (MMRs) were halved between 1990 and 2010. However, of all maternal deaths in the world, 99% occur in low-income countries; 36 of the 40 countries with the highest MMR are in sub-Saharan Africa [1] . The MMR is the conventional key indicator to help monitor progress towards the MDG5 target of reducing maternal mortality by 75% in 2015 from the level in 1990 [2] . Unfortunately, measuring maternal mortality is difficult in low-income countries because of limited registration of births and deaths [3] . In 2013, UNICEF reported that 44% of births in sub-Saharan Africa, and only 7% in Ethiopia, were registered [4] . The continued failure of vital registration in low-income countries was noted as "the single most critical development failure over the past 30 years" [5] .
Following the safe motherhood initiative (SMI) in 1987 and MDG declaration in 2000, several alternative approaches, such as survey methods [6] [7] [8] and statistical modelling of proxy data for national and international use [1, 9] , have been devised to estimate maternal mortality indices in low-income countries. While these methods provide important information for global and national planning, the evidence obtained using these techniques are often inconsistent and sometimes contradictory [10] . Progress towards the planned MDG goal and equity in health outcomes as well as post-MDG efforts require concrete data from population-based registries [11] .
The study in context
We conducted this study at a time when Ethiopia acknowledged the importance of and made practical movements towards improving maternal health and formulating a law for compulsory vital registration. As such, the five year (2010-2015) National Health Sector Strategic Plan emphasizes the intention to improve maternal and newborn health [12] . In addition, the government of Ethiopia was amidst discussions to pass a law for compulsory vital registration, which was approved in 2012 [13] . To implement the new registration law, the Central Statistical Agency (CSA) suggested the use of health extension workers (HEWs) as registrars of vital events in rural Ethiopia [14] . On the other hand, the World Health Organization (WHO) issued the maternal death review (MDR) and maternal death surveillance and response (MDSR) guidelines as part of international efforts to reduce maternal mortality [15, 16] . When we conducted the current study, however, there was a limited such committees or systems for reviewing maternal deaths in rural Ethiopia. As a result, we did not know whether the continuous registration of births and surveillance of maternal deaths could result in intended outcomes of complete birth registration and maternal mortality measurement in rural areas of Ethiopia.
In 2003, Ethiopia adopted a community-based health extension programme (HEP) [17] , and currently over 38,000 HEWs are working in all rural villages. However, the opportunity for using these community health workers to obtain useful data for public health policy and action has not been explored. Consequently, the objective of this study was to assess whether HEWs can effectively register births and actively identify maternal deaths in the rural villages to measure the magnitude and associated factors for maternal mortality through a communitybased birth registration system.
Methods

Ethics statement
The Ethical Review Committee for the Health Research of Southern Nations Nationalities and Peoples' Regional State (SNNPRS) Health Bureau in Ethiopia, and the Regional Committee for Health Research Ethics of North Norway (REK Nord) in Norway approved the study. Birth and birth-outcome registration is part of the routine work of the HEWs in Ethiopia, which is acknowledged by the government. We systematized the registry by preparing a standardized format and providing technical support. Personal identifiers were removed from the stored data used for research. We obtained informed verbal consent from respondents for the validation study of house-to-house survey and the responses were recorded on the questionnaire as "accepted" or "declined" to participate. Written consent was not considered because a large number of the respondents were illiterate and the Ethics Committee approved the verbal consent procedure.
Study area
The Ethiopian government has autonomous regional states within the Federal Republic. In turn, regional states are subdivided into zones (provinces), Woredas (districts), and Kebeles (villages). A zone is a cluster of 10-15 districts, and a district is a group of 20-50 villages. A Kebele is the lowest administrative structure and is comprised of 1,000-1,500 households. This study was conducted in three districts (Arba Minch Zuria, Bonke, and Derashe) in two zones (Gamo Gofa and Segen Area Peoples') in the Southern Nations, Nationalities, and Peoples' Region (SNNPR, Fig. 1 ). The Gamo Gofa Zone (population = 1,740,828 people in 2010) [18] , the centre of which is at Arba Minch, is 505 km from Addis Ababa to the southwest and the Segen Area Peoples' Zone (636,794 residents in 2010) [18] is 575 km from Addis Ababa.
Bonke, with a population of 166,913 people in 2010, had no hospital providing comprehensive emergency obstetric care at the time of the study. The nearest such service was at Arba Minch Hospital, which is 50-150 km from the villages of Bonke. Arba Minch Zuria, with a population of 179,785 people, has a hospital, although the largest proportion of the population lives in the highlands far from the hospital and driveable roads. Derashe, with a population of 141,589 has a district hospital in the main town of Gidole, as well as well-functioning maternity waiting homes, traditional thatched huts built in the hospital compound, where mothers with high-risk pregnancies are referred and observed until delivery [19] .
Sampling and study participants Fig. 2 presents the study profile. In 2008, the MMR in Ethiopia was 590 per 100,000 live births (LBs) [9] . Assuming this would be comparable for the study area, we expected there could be a 10% decline in two years resulting in an MMR of 531 (95% CI: 413, 669) per 100,000 LBs in 2010. Thus, we expected 70 maternal deaths in a year (95% CI: 55, 88) out of estimated 13,492 births (13,223 LBs) in a population of 421,639 people. LBs were approximated 98% of all births in the area [20] . To estimate the expected number of births, we used an annual crude birth rate (CBR) of 32 per 1,000 population based on the following two sources of birth rate information: a finding from a household survey in 2010 in one of the study districts (Bonke) [20] , and the same estimate by The World Bank of CBR in Ethiopia for 2010 [21] . To identify group differences in the MMR, we assumed the number of maternal deaths amongst births determined above would provide sufficient data.
We purposely selected three districts with the number of residents expected to produce the above estimated births and maternal outcomes. The districts were assumed to represent the area in terms of health services, demographics, and road access. In these districts, we included all kebeles (villages), except those where the HEWs were sick or on maternity leave at the time of starting the registration. We used OpenEpi software (Open Source Epidemiologic Statistics for Public Health version 3.01,www.openepi.com) to calculate the sample size.
The HEP and the HEWs
The HEP is a community-based healthcare system with two female HEWs serving a rural village of 1,000-1,500 households. Most of the HEWs have completed a 10 th grade education and received one year of general health training. Their work focuses on family health (child vaccinations, family planning, antenatal care, and assisting normal deliveries) and health promotion. HEWs are expected to routinely visit each household in their catchment once a month, prioritizing households with pregnancies, newborns, and sick persons. HEWs are part of the permanent health workforce and receive a monthly salary of 40-50 USD from the government based on their years of service. In addition, 5-10 lay-women known as volunteer health promoters (VHPs), assist the work of HEWs by informing of households with a recent delivery, sick people, and deaths in the sub-villages.
Data collection procedures (the birth registry)
We conducted one week training at each woreda centre for HEWs, supervisors, and the district health authorities before the registry started. Supervisors were experienced nurses (one per district), who helped the HEWs in reviewing and classifying deaths, monitoring the quality of data, and transferring the registered information from HEWs to the central data clerk. During the training, we clarified the WHO ICD-10 definition and classification of maternal deaths [22] . Accordingly, if a woman died during ante-or intra-partum periods, or within six weeks after termination of a pregnancy and her pregnancy status was known, her death was considered a maternal death if the death was not because of an accident or incident such as suicide.
We also used extractions from the WHO maternal death review (MDR) manual published in 2004 to determine the cause of deaths [15] . As such, diagnosing the cause of death was based on symptomatic approaches such as convulsions attributed to hypertensive disorders, fevers to infections, and excessive bleeding due to haemorrhage.
The specific registration and maternal death ascertainment procedure is presented as follows. HEWs visited homes within hours or days after the pregnancy ended depending on the distance and the speed of notification from the sub-village VHPs or families. At the household, HEWs assessed and registered birth and births conditions. The HEWs continued the follow-up until a maternal death was occurred or six-week post-partum. This collection of information was similar to births that occurred at home and in health facilities because all births were available for recording at homes. In addition, in households in which a woman of reproductive age died without giving birth, HEWs critically reviewed the conditions at the time of death to determine the pregnancy status of the deceased and determine the probable cause of death. Husbands or fathers of the baby (FOBs) were primary sources of information for maternal deaths; however, in the cases where obtaining information from the husbands or FOBs was not possible, adult members of the family helped in providing information.
HEWs registered the data in printed birth registry books (Fig. 3) . The book contained important socio-demographic variables, such as the distance of the village from the nearest health centre and the nearest hospital recognized by the respective district health offices, as well as the type (quality) of road to the village as a general heading information. The actual body of the book rows contained personal background information, such as education of the mother and father and age of the mother. In addition, the woman's parity, the place of birth, the attendant of birth, the condition of the newborn at birth (alive or stillbirth), the gender of the foetus, and maternal deaths (including the place, cause, and time) were among the variables. Registration was made in duplicate and the first copy was detached and sent to the Research and Training Centre at Arba Minch Hospital, while the second copy remained with the book in the village. Most births were registered within 24 hours of delivery, unless there was a special reason for a delay (births in distant health institutions, where the household was far from the HEW station or HEWs were not informed in a timely manner). Similarly, most maternal deaths were identified immediately. Nevertheless, HEWs made a final follow-up home visit six weeks after birth or abortion when death information was not obtained prior to the stated deadline.
Outcomes
The primary outcomes were the coverage of birth registration (percentage registered out of the estimated) and the MMR. The secondary outcome was the proportion of skilled birth attendance, facility deliveries supervised by skilled professionals.
Data quality control (the validation study)
To check the validity of the registration eight months after the start of the registration, we conducted a house-to-house survey in 15 of the 30 rural villages in the Bonke. Data collectors who had completed the 12 th grade visited every household and searched for a birth or pregnancy outcome since the start of the birth registry. For births already registered in the birth registry, they checked the content (date of birth, date of death, and baby's gender). The unregistered were recorded and the data were transferred to the registry book. Based on the findings of the validation study, we discussed the feedback with the HEWs and supervisors to improve the coverage of the registration.
Data analysis
We entered, checked, and analyzed the registry and validation data using the statistical package for social sciences (SPSS-16) describing the results in tables showing proportions and means.
To show the variation in maternal mortality, we used a chi-square test. For the validation study, we produced a descriptive table showing the proportion of births registered and unregistered out of the births found during the validation survey. We made a cross-tabulation for crude analysis to determine the risk of maternal deaths among registered births compared to unregistered and the effect of antenatal follow-up and distance from HEW station on the likelihood of births being registered. . The average age of the mothers was 28Á1 (SD = 4Á5) years, and the median number of pregnancies was 3 (IQR = 2-5). The illiteracy rate was 77% (8,454/10,987) among mothers, and 54Á6% among the husbands and FOBs (6,001/10,987). The median distance to health centres was 10 km (IQR = 5-18), and 57% (6,236/10,987) of the births had a health centre within 10 km. The median distance to hospitals was 40 km (IQR = 24-67). Completeness of birth registration
Results
Socio-demographic characteristics of registered births
The 10,987 registered births were 81.4% of the 13,492 expected births based on the annual CBR for the year. Because the CBR was estimate-based, we made sensitivity analysis of the expected births by increasing the annual CBR by two to 34 and again by decreasing by two to 30 per 1000 population. If the CBR was 34, the number of expected births was 14, 336 of the 421, 639 residents in the registry villages. This decreased the registration coverage from 81.4% to 77%, and if the CBR was 30, the registration coverage rose to 87% from our best estimate of 81.4% because the expected number of births was 12,649.
Maternal mortality outcomes
We registered 53 maternal deaths (Table 2) , yielding an MMR of 489 per 100,000 live births The MMR of 489 per 100,000 live births was within the 95% confidence interval of the expected MMR of 531 (95% CI: 413-669). Table 3 compares the MMR estimates between the birth registry (489), the validation study (474), the previous household survey finding from the area (425), and the national estimates by IMHE (590), UN (350), and DHS (676) per 100,000 live births. In the birth registry study, five mothers (9Á4%) died during pregnancy, 21 (39Á6%) died during labour and 27 (51%) died within six weeks post-partum. Of the maternal deaths, 35.8% (19/53) were due to bleeding, 22Á6% (12 /53) due to infection, 17% (9/53) because of hypertensive disorders, 13Á2% (7/53) because of obstructed labour, and 11% (6/53) registered as "others". Additional inquiries indicated that three of the six cases categorized as 'other causes' and two cases in the haemorrhage category were probable complications of abortion. Of all 53 maternal deaths identified, 83% (44) occurred at home and 17% (9) were in health institutions. 
Variations in maternal mortality
The MMR was similar in the three districts, and there was no difference between educated and illiterate mothers ( Results from the validation study 
Comparing maternal mortality in the study area with national estimates
To provide a better understanding of the MMR in the study area obtained by using different methods of measurement with the national estimates for Ethiopia, we provide a summary table (Table 5) .
Discussion
In 75 rural kebeles, we registered 81% of expected births in nearly half a million residents. The MMR was 489 per 100,000 LBs. In addition, four of every five maternal deaths occurred at home without the attention of health facilities in the area. A validation study also showed a high initial coverage of birth registration out of births identified through checks by household visits, and there was a similar MMR between registered and unregistered births. These findings suggest that it is possible to register a high percentage of births expected in rural communities using community health workers. In addition, the community-based birth registry appears to be a useful tool to identify and measure maternal mortality. Majority (90%) of the registered births took place at home while > 90% of maternal deaths occurred during intra-and postpartum periods. Haemorrhage and infections were the leading causes of maternal deaths. The MMR was higher in remote areas without roads, amongst couples in which the male partners were illiterate, and among mothers who experienced illnesses during pregnancy. We are not aware of other studies that have tested the feasibility of registration of births and pregnancy outcomes such as maternal deaths in rural Ethiopia. The 2013 UNICEF report showed that only 7% of births are registered in Ethiopia, which is the third lowest in the world ahead of Liberia (4%) and Somalia (3%) [4] .
Unfortunately, because of resource constraints we were not able to conduct a baseline survey of fertility for 2010 in the study area. Consequently, we assessed the completeness of the birth registry using the coverage of the registry out of expected (estimated) births in the area, depending on a finding from a previous survey (CBR = 32 per 1,000 population between 2006 and 2010) [20] . Expecting the number of births through the annual CBR estimation may under-or over-estimate the true number of births, and the coverage may vary from the 81.4% we report. Additionally, we conducted a validation study for births occurring in 8 months, and this presents a problem in measuring the annual CBR. As such, the validation study only serves the purpose of determining what proportion of actually observed births at households were registered and whether or not there was a difference in an outcome of interest (MMR) between registered and unregistered births. The validation study cannot help to estimate annual CBR that needs 12 months of data on births. Given the continuous decline in fertility in rural areas, as indicated by a decrease in CBR per 1,000 population (43 in 2000 to 28 in 2014) according to the DHS showed by findings from DHS [23] , the CBR in 2010 may have been < 32 per 1,000 people or we are uncertain whether or not the CBR was even higher. We did a sensitivity analysis by using annual CBRs of 34 and 30 to compare the registration coverage against the CBR of 32 used in the analysis. The analysis provided registration coverage between 77% and 87%. The true CBR in the area may be between 30 and 32 per 1,000 population, which implies that the actual coverage of birth registration may have been > 81%. Therefore, we argue that the registration coverage for the study was high for a beginning community-based birth registry in rural settings.
Nevertheless, the uncertainty on the number of expected births does not affect our MMR because we calculated MMR from registered births rather than expected births. The concern, however, is whether there was a difference in MMR between registered and unregistered births. We attempted to address this partly by doing a validation study, which resulted in a similar MMR between the two groups. Theoretically, both the continuous birth registration and the validation survey may give an under-or over-estimate of the MMR. In practice, the problem related to measuring maternal mortality is under-reporting rather than over-reporting. As such, reported maternal deaths under estimate up to 30% of the actual MMR worldwide [16] .
Important factors related to under-reporting of maternal mortality among registered pregnancy outcomes are problems of identifying early pregnancy maternal deaths before the pregnancy is clearly recognized and deaths due to abortion because of secrecy and stigma [24] . Thus, we made a rigorous effort to review every adult woman's death to determine whether it was pregnancy-related, mainly by using the advantage of a close relationship between HEWs and the people in their villages. Nevertheless, we recognize that it is difficult to avoid under-reporting and we cannot estimate how many early pregnancy, and abortion-related deaths went unnoticed. Future studies may consider beginning the registration of pregnancies (instead of pregnancy outcomes used in this study) to better capture maternal deaths during pregnancy. Another important concern of under-reporting is the limited knowledge of the proportion of maternal deaths among unregistered pregnancy outcomes. Our validity check showed no difference in the MMR between registered and unregistered births. Nevertheless, because the validation study took place in 15 of 75 villages during the 8 th of a 12-month registration, there may have been limitations to representing a complete picture of similarity. While these limitations are acknowledged, we have reported an MMR estimate closer to reality and the MMR herein may be one important step in measuring maternal mortality through a community-based birth registry in rural Ethiopia. Furthermore, the current finding of the proportion of maternal deaths at facilities and homes is also consistent with our previous report [20, 25] . In addition, our findings showed that 83% of maternal deaths occurred at home without access to a health institution, which is similar with the results of a study from Mozambique that tracked maternal mortality through active community-based approaches, and showed that health institutions did not identify 86% of maternal deaths that occurred in their area [26] . The percentage of maternal deaths at home was less than the proportion of births in the same place (83% vs. 90%). The reason could be that some severe cases selectively visited health facilities and died in the facilities. The severity-based selective facility utilization argument is also supported by the findings of a higher MMR among facility births compared to births at home (844 vs. 451) in the current study. These results have two implications. First, the finding of four of five maternal deaths occurring at home means health facilities had no means to avoid these deaths and were not able to identify and record when the deaths occurred. Second, the higher MMR among facility deliveries implies that the health institutions had low ability to save mothers who had sought help.
In the study area, we have limited documentation to describe progress in terms of maternal mortality in previous years. A household survey in one of the districts to measure maternal mortality between 2006 and 2010 provided an MMR of 425 per 100,000 LBs [20] , which is similar to the current finding. In addition, we published maternal mortality indices (MMR and lifetime risk) from the area using the indirect sisterhood method [27] . Nonetheless, because of the indirect nature, the estimate refers to a time of more than a decade ago and indirect sisterhood estimates provide the order of magnitude with limited value to oversee trends.
The MMR we report (489 per 100,000 LBs in 2010) is higher than the level of reduction required to attain the MDG5 target (from 968 in 1990 to 242 in 2015 in Ethiopia) [9] . The MMR was also higher than the joint estimate provided by WHO, UNFPA, UNICEF, and The Wold Bank (350) for 2010 in Ethiopia [1] , but lower than the DHS reported national estimate (676) for a similar period [28] . However, our finding was similar to most results from previous community-based studies in Ethiopia. The MMR per 100,000 LBs was 402 in Jimma (1990) using a cross-sectional survey [29] , 440 in Butajira (1996) using a surveillance approach [30] , 570 in Illubabor (1991) using the indirect sisterhood method [31] , and 566 in Addis Ababa (1983) using a household survey [32] .
Nevertheless, given decades of time between the aforementioned studies and the current study, the MMR may have been different in this study area compared to those provinces. An alternative explanation could be that the survey and periodic surveillance techniques used in the aforementioned studies resulted in under-estimations of MMR at that time. This could also be explained by the fact that Ethiopia had a high MMR estimate nationally during the time when these studies were conducted [33] . As such, the prospective method we used and the presence of the HEWs within the villages that increases the awareness of important events might have helped our study provide a better estimation of the current MMR.
We showed that there was no difference in the MMR between districts with better health institutions (Arba Minch and Derashe) and a district with less poor health facilities (Bonke). This may be explained by the low utilization rate of existing health institutions for deliveries in all the districts. Hence, this emphasizes the importance of improving people's behaviours with respect to utilizing institutional delivery by skilled professionals in addition to distributing and strengthening health facilities. The findings of a high MMR in the remotest villages without driveable roads highlight the inequalities in health outcomes experienced by these women. Maternal mortality was also higher where husbands and FOBs were illiterate. This may explain the importance of male partners as decision makers for receiving care (health), as well as their general contribution as providers to improved living conditions (wealth). This finding is in agreement with the suggestions of the Oxford Multi-dimensional Poverty Index (MPI) Study, which described the importance of an educated person in a household for a positive health outcome [34] . In addition to the aimed outcomes, the study also showed the existence of substantial missed opportunities in maternal care by the health system. Fortunately, 85% of pregnant women visited health workers for antenatal check-ups at least once, whereas only 10% returned for delivery at the health facilities for supervised delivery.
The weaknesses of the current study follow. First, although we made a rigorous effort to identify early maternal deaths, an important limitation of the study was our inability to explain the amount of unnoticed early pregnancy-related maternal deaths. Specifically, we might have missed some of the abortion-related deaths because of the stigma and secrecy associated with abortion. Second, although we achieved a high coverage of > 80% registration, not all expected births were registered, thus leaving concerns about whether or not the MMR is higher or at least different among unregistered births. Our finding was a significant increase from the 7% national birth registration in Ethiopia [4] , and almost non-existent in rural areas. Third, despite similar MMRs between registered and non-registered births, our validation study showed that HEWs were more likely to register births that occurred near their station and those who attended antenatal care, highlighting potential selection bias. Fourth, the death ascertainment method through the HEWs was less valid compared to the standard techniques of death confirmation by physicians or using autopsy [35] .
Nevertheless, we believe that the diagnostic technique we used is better than asking a family member about a death that occurred years ago in survey studies. Furthermore, the standard methods of ascertaining maternal death are less likely to reach rural communities in low-income countries. Hence, it may be important to use and improve available opportunities, such as community health workers (HEWs in Ethiopia) to prospectively identify, review, and record maternal deaths, even when it means less accurate diagnosis of the cause of death in resourcelimited settings.
Finally, because of the short period of observation, we cannot show in this paper whether community-based registration contributes for the reduction of MMR. Future studies may try to address these concerns. In addition, although it is difficult to suggest similar achievements in all areas, the study can be repeated in any part of Ethiopia because all villages have the same HEWs working under similar conditions. The same can also be applied in low-income countries that have an organized community health workforce.
Conclusion
It is possible to register most births in rural Ethiopia through the HEWs and use the registry as a tool to measure maternal mortality. The MMR was high in the study area compared to the reductions needed to attain MDG5 and most births and maternal deaths occur at home without the attention of the health service.
